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Abstract 
This study investigated the effect of practice distribution (random versus blocked practice) on voice 
relaxation training with surface electromyographic biofeedback from thyrohyoid site. Twenty speakers 
with normal voice were randomly assigned to two groups. During training, one group was given 
sentence stimuli in a random order to practice (random group) while the other group was given blocks 
of sentence stimuli to practice (blocked group). Motor learning was assessed during training, immediate 
and delayed retention tests. Possible generalization was investigated by immediate and delayed transfer 
tests. Results failed to show statistically significant learning but showed generalization of muscle 
relaxation skills at oro-facial site. No significant difference in motor learning or generalization was 
found between groups. This finding contradicted the hypothesis of contextual interference which stated 
that random practice was beneficial to learning but blocked practice was detrimental to it. Nevertheless, 
significant site by group and time by site interactions were found in learning and generalization 
respectively. To explain the null findings in this study, possible methodological limitations and 
confounding factors are discussed.  
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Introduction 
Background information of voice disorders 
 Voice disorders can be caused by various physiological factors which include body tensions, 
speaking with a constricted throat, excessive vocalization, excessive glottal attacks and yelling which 
constitute vocal hyperfuntion. According to Bonne and McFarlane (1999), most dysphonic voices and 
laryngeal pathologies are related to continuous and prolonged vocal hyperfunction. A common voice 
therapy approach to vocal hyperfunction is the use of relaxation (Jacobson, 1957; Wolpe, 1987) and 
stress-reducing programs (Staats, 1968). Motor learning is involved in such therapeutic process where 
the dysphonic subjects attempt to acquire new coordinative patterns such as phonation with minimal 
energy expended (Boone & McFarlane, 1999).  
Definition of Motor learning 
 A definition proposed by Schmidt and Lee described motor learning as “a set of processes 
associated with practice or experience leading to relatively permanent changes in the capability for 
movement” (1999, pp.264). It is critical to distinguish between motor learning and motor performance. 
According to Schmidt and Lee (1999), motor learning is a process which results in relatively permanent 
changes in the potential for motor performance while motor performance is the immediate measurable 
outcome. In other words, temporary shifts in performance during training sessions do not infer learning 
(Verdolini, 2002). As learning brings about relatively permanent changes in the capability for 
movement, “retention tests” and not those which only evaluate online performance during practice 
sessions assess learning (Verdolini, 2002). Therefore, in this study, manipulation of training and 
feedback parameters will be examined in four different phases, i.e. baseline, practice performance 
(during acquisition), learning (using retention tests) and generalization (using transfer tests). Retention is 
defined as the ability to maintain the acquired capability of performance after a certain period of time 
(Schmidt & Lee, 1999) while transfer means the ability to perform a learned skill in a new context or in 
learning a new skill (Magill, 1998). There are a number of factors which affect the acquisition of motor 
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skills. These factors include the amount and distribution of practice, the type, amount and timing of 
augmented feedback. Each of these factors will be explored in the following sections. 
Biofeedback and its use in voice training 
 Feedback on performance is generally thought to be essential to the learner’s acquisition of 
motor skills. One type of feedback commonly studied in motor learning is augmented feedback which is 
defined as the information provided from external source that supplements the inherent feedback 
(Schmidt & Lee, 1999). Eletromyographic (EMG) biofeedback is one of the ways to provide 
augmented feedback on motor performance as it records and displays the electrical activity of muscle 
during contraction (Schmidt & Lee, 1999). In the field of voice therapy, surface EMG (sEMG) 
biofeedback has been used widely (Gentil, Aucouturier, Delong & Sambuis, 1994; Van Lierde, Claeys, 
De Bodt & Van Cuawenberge, 2004) and has been shown to be effective in relaxation therapy for 
hyperfunctional dysphonic patients (Andrews, Warner & Stewart, 1986).   
Studies in voice motor learning 
Timing of feedback. There are a number of studies that investigated voice relaxation task using 
sEMG. With respect to timing of EMG feedback, Yiu, Verdolini and Chow (in press) explored the 
effect of concurrent versus terminal biofeedback on laryngeal muscle relaxation learning. Concurrent 
biofeedback refers to providing feedback online during each trial of practice whereas terminal 
biofeedback refers to providing feedback only upon completion of each trial of practice. Their results 
revealed no significant effect of timing of augmented feedback on laryngeal muscle relaxation. This 
appeared to contradict with the guidance hypothesis which was originally suggested by Annett (1959, 
1969) and further explored by other investigators (e.g. Schmidt, 1991, Schmidt, Young, Swinnen & 
Shapiro, 1989). The guidance hypothesis states that concurrent feedback on motor performance 
facilitates immediate performance but degrades learning whereas terminal feedback degrades 
performance but facilitates learning (Schmidt et al., 1989). Yiu et al. (in press) found that there was 
difference in motor learning whether biofeedback was given concurrently or terminally. 
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 Frequency of feedback. In addition to timing of biofeedback, frequency of biofeedback has also 
been manipulated to test the guidance hypothesis.  For instance, Winstein and Schmidt (1990) showed 
that reducing the presentation of feedback in a fading way facilitated motor learning significantly. A 
similar study was conducted by Cheung (2004) which aimed to investigate the effect of fading versus 
continuous biofeedback on the learning of relaxed phonation. Results partially concurred with that of 
Winstein and Schmidt (1990) in that no significant difference in muscle relaxation performance between 
the two types of feedback was found during the acquisition phase. However, unlike Winstein and 
Schmidt (1990), Cheung’s study (2004) did not show an advantage in muscle relaxation when no 
feedback was given during retention measures.  
Practice distribution. With respect to other factors which can affect one’s motor performance or 
learning, distribution of practice in voice motor learning has received relatively little attention. Shea and 
Morgan (1979) compared two groups that experienced the same amount of practice but differed in the 
order of practice trials with one received block trials practices and the other received random trials 
practice. There were three different task versions in which blocked group practised all trials of one task 
version before moving onto the second and then the third version. Conversely, the order of practice was 
randomized in the random group. Results revealed that subjects showed better motor learning when the 
practice items were randomized rather then given in a constant order in blocks (Shea & Morgan, 1979). 
The blocked practice facilitated performance during acquisition. Such result concurred with an earlier 
study on motor learning reported by Pyle (1919), who found that a random-variable practice degraded 
performance during practice (Pyle, 1919). Such finding of better performance during practice in 
blocked-variable condition and better retention and transfer in random-variable practice condition has 
been described as contextual interference (CI) effect (Battig, 1972).  
Theoretical accounts for contextual interference effect 
Elaboration-and-distinctiveness view. Shea and Morgan (1979) suggested that as random 
practice provides the subject a lot of opportunities to compare and contrast the task, the subject develops 
  
6 
rich representations of the tasks. Hence, more distinctive and elaborate memories were established 
resulting in better retention and transfer. On the contrary, in blocked-variable practice, the pattern of 
trials was kept consistent. This avoids confusion during acquisition and hence yields better performance 
during acquisition (Lee & Simon, 2004). Nevertheless, during retention and transfer tests, more 
demands are placed on comparing and contrasting the trials. As the blocked-variable practice lacks the 
experience in keeping track of the changing stimuli, performance in retention and transfer tests is 
degraded.  
Forgetting-construction view. Alternatively, the CI effect has also been explained with the 
forgetting-construction view by Lee and Magill (1983; 1985) in which great emphasis was put on the 
preparatory processing involved in practice. During random practice, the subjects are required to ‘forget’ 
a given movement pattern from the working memory so as to plan and execute the following trials (Lee 
& Simon, 2004). On the other hand, during blocked practice, a given movement pattern is planned and 
maintained in the working memory throughout the block of trials (Lee & Simon, 2004). Instead of 
needing to ‘forget and construct’ across each trial, blocked group is only required to do so when there 
are changes in the movement pattern across blocks (Lee & Simon, 2004). As a consequence, during 
acquisition, a lack of need for forgetting-and-reconstruction in blocked group yields better performance 
when compared to random group. On the contrary, during retention and transfer tests, good 
reconstruction skills are required. Therefore, with experience in continuous reconstruction on a trial-to-
trial basis, random group shows relatively better motor learning.  
There have been a number of studies conducted on contextual interference in motor learning in 
the field of sport training, for example, in badminton (Goode & Magill, 1996) and baseball (Hall, 
Domingues & Cavazos, 1994) training; and in some non-sport-related tasks like physical rehabilitation 
following stroke (Hanlon, 1996).  Nevertheless, there are relatively few studies conducted on motor 
learning in voice therapy. Therefore, the present study aimed to investigate the effect of distribution of 
practice (random-variable versus blocked-variable) on the voice relaxation learning. The result would 
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inform voice clinician in designing cost-effective training and feedback paradigm for better voice 
production learning. 
Objective and hypothesis 
The objective of the present study was to investigate the effect of practice distribution on voice 
relaxation training during acquisition, retention and transfer phases. Two groups of subjects both 
received biofeedback from the thyrohyoid site but with different distribution of practice during training. 
One group received random-variable practice while the other group received blocked-variable practice 
during training. It was hypothesized that random-variable practice would facilitate learning of voice 
relaxation more than blocked variable practice. 
Method 
Participants 
 Twenty female undergraduate students (mean age = 21.60 years, SD = 0.10 years, range = 20 – 
23 years) were recruited from the University of Hong Kong. All of the subjects met the following 
criteria: a.) aged between 20 and 25; b.) had reported normal hearing; c.) were medically healthy; d.) had 
no history of speech or voice disorders; e.) had not received any voice training or voice therapy before; 
and f.) had no prior experience in using electromyography (EMG). None of the subjects were informed 
of the investigator’s objectives or hypotheses of the study.  
Instrumental set up 
 The electromyographic system (ADInstrument PowerLab Unit, model ML 780 with an eight-
channel Dual Bio Amp model ML135) was used in this study. The PowerLab Scope software program 
(Figure 1) was used for EMG signal display and analysis.  
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Figure 1. EMG display as biofeedback for subjects in this study (adapted with permission from Yiu et 
al., in press) 
 As Yiu et al. (in press) found that thyrohyoid and oro-facial areas demonstrated the least inter- 
and intra-subject variability when compared to other sites related to phonation, thyrohyoid and oro-facial 
area were chosen as the placement sites of surface electrodes for relaxation training. Following the 
procedures described in Yiu et al. (in press), a pair of electrodes (Figure 2) was placed at the thyrohyoid 
site, with the electrode heads being 0.5cm from the midline of thyrohyoid membrane on either side. 
While another pair of electrodes was placed at the oro-facial site, with the electrode heads being 1 cm 
away from the lip corner on either side of the face (Figure 3). A dry earth strap was attached firmly 
around the subject’s wrist. As suggested by Cheung (2004), in order to ensure the maintenance of a 
similar level of voice intensity throughout the sessions, a sound level meter was set up at one meter in 
front of the mouth of the subjects to monitor their intensity of voice production. Subjects were verbally 
reminded to keep their volume constant when large fluctuations in their voice intensity occurred. 
 To ensure the reliability of EMG measurement in this study, consistency in eletrode-skin 
impedance was monitored. According to Day (2002), electrode-skin impedance is the electrode-skin 
contact that can be quantified by calculating the resistance of the skin and underlying tissues together 
with the capacitance of the electrodes. By ensuring consistent impedance throughout the measurement 
sessions, fluctuations in signal-to-noise ratio and the spatial resolution of the recorded EMG signals will 
be minimized (Day, 2002). Before any recording commenced, subject’s skin at both oro-facial and 
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thyrohyoid site was prepared with special abrasive scrub for EMG measurement. In addition, electrode-
skin impedance was recorded and monitored regularly across phases in the two sessions when the 
muscles were at rest. 
  
Figure 2. Electrodes for the EMG (adapted with 
permission from Yiu, et al., in press) 
Figure 3. Two sites of surface electrode placement in this 
study (adapted with permission from Yiu, et al., in press) 
Stimuli  
Training list. Adopted from Yiu et al. (in press) and Cheung (2004), 24 Cantonese words which 
covered all the phonemes (19 consonants, eight vowels, ten diphthongs) and lexical tones of Cantonese 
were used as baseline, training and retention testing stimuli in this study (see Appendix 1a). According 
to Yiu et al. (in press) and Cheung (2004), these words were selected from the first 750 most frequently 
occurring Chinese Characters in Hong Kong (Ho, 1993). The frequency of occurrence of these 
Cantonese sounds can be found in Appendix 1b.  
Novel List. Adopted from Cheung (2004), another 24 Cantonese words which also covered all 
phonemes (19 consonants, eight vowels, ten diphthongs) and lexical tones in Cantonese were selected 
from the first 1300 most frequently occurring Chinese Characters in Hong Kong (Ho, 1993). To 
determine possible generalization to untrained stimuli, this word list was used as the transfer testing 
stimuli (see Appendix 2a). The frequency of occurrence of this list of Cantonese sounds can be found in 
Appendix 2b. The Novel List was adapted from Cheung (2004) which was constructed based on a close 
match between the frequency of occurrence of the Cantonese sounds in the Training List. Cheung (2004) 
Orofacial area 
Thyrohyoid 
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ensured that the difference in the occurrence of a particular sound between the Training List and the 
Novel List i.e. OccuranceTraining - OccuranceNovel was less than ±three (see Appendix 3). 
Each word was embedded in a Cantonese carrier phrase “依個係”/ji55 k�33 h�i22/ (meaning 
“this one is…”) forming a sentence stimulus. Each block of stimulus consisted of 24 sentence stimuli. 
The Training List was employed in baseline measurement, training, immediate and delayed retention 
tests and the Novel List was employed in immediate and delayed transfer tests. Two blocks of sentence 
stimuli were presented in baseline measurement, immediate and delayed retention and transfer tests 
while five blocks of sentence stimuli were presented during training. Depending on the group the subject 
was assigned to, the presentation order for each block during training phase was either randomized or 
block randomized. Adopted from Yiu et al. (in press), randomization was achieved by randomizing the 
order of the 24 sentences within each block. It was ensured that among the five training blocks, no two 
training block had the same presentation order of the 24 sentence stimuli. According to Shaughnessy, 
Zechmeister and Zechmeister (2000), in block randomization, subjects are generally assigned to each 
condition one at a time. In this study, block randomization was completed by dividing 24 stimuli into 
four blocks without changing their predetermined order. The order of presentation of the four blocks 
was randomized so that each block appeared in one position for no more than twice. 
Procedures  
There were two subject groups. Twenty subjects were assigned randomly to either the random 
(RAN) group or the blocked (BLO) group. Both RAN and BLO group were engaged in reading 24 
stimulus sentences twice with the sentences presented in the same fixed order during baseline 
measurement, immediate and delayed retention and transfer tests. During training, BLO group was 
involved in practicing 24 stimulus sentences (one block) for five times with a two-minute break in 
between every two blocks. The order of these 24 stimulus sentences was in a pre-determined 
randomized order. This order was kept fixed in all five blocks. This refers to block randomization in the 
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present study. The RAN group was required to practise 24 stimulus sentences for five times. Words in 
each block were presented in a random fashion. During training, both groups were allowed to view the 
static EMG waveform from the thyrohyoid area after production of every two sentences. 
Both groups participated in two sessions which were one week apart. The first session consisted 
of the baseline measurement, training, immediate retention and transfer tests. The second session 
consisted of the delayed retention and transfer tests. In the first session, training was conducted 
immediately after taking the baseline. To avoid vocal fatigue, immediate retention and transfer tests 
were conducted five minutes upon the completion of the training phase. The second session consisted of 
delayed retention and transfer testing. It was taken one week after the completion of session one (see 
Table 1).  
All of the recordings took place in a sound-treated booth. Throughout the recording sessions, 
each subject was seated upright comfortably in an armchair which was about one meter away from two 
38.1-cm computer monitors. One of the monitors was used for presenting the stimuli while the other one 
was used for displaying EMG biofeedbacks. Throughout the recording sessions, a movable cardboard 
was used to cover the monitor screen for displaying the EMG waveforms. During training, subjects 
were only allowed to view the static EMG waveform display from the thyrohyoid area when the 
cardboard was removed after production of every two sentences. After the electrodes and the dry earth 
strap were secured in place, a head rotation maneuver was initiated to ensure that there were no 
movement artifacts. EMG activities at both oro-facial and thyrohyoid area were measured 
simultaneously.  
Table 1 Experimental design of the present study  
Session 1 Session 2 
Baseline Training 
5-min 
break 
Immediate testing 
1 
week 
later 
Delayed testing 
Retention Transfer Retention Transfer 
T1 T2 T1 T2 T3 T4 T5 T1 T2   T1 T2   
    N1 N2   N1 N2 
Note: T refers to the Training List while N refers to the Novel List. Each letter indicates a complete set 
of the 24 stimulus sentences of each list 
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Baseline measurement. Subjects were asked to read aloud two blocks of sentences presented on 
the computer screen using their most comfortable pitch and loudness. For each stimuli sentence, EMG 
activities at both sites were recorded stimulus for later analysis. No EMG biofeedback was given to the 
subjects during pre-training baseline. 
Acquisition.    Upon completion of the baseline measurement, subjects were given an explanation 
on the function of the EMG waveform. They were informed that the larger the amplitude of the 
waveform, the more muscle activities and tension there were. Then each subject was informed that the 
objective of this training session was to reduce the EMG amplitude display by relaxing the neck muscles 
during the reading task. In order to ensure that the subjects understood how to view the biofeedback, 
three practice trials were done before the commencement of the actual acquisition phase.  
All subjects were required to read five blocks of stimuli with 24 sentences in each block during 
training. The BLO group was required to read 24 stimulus sentences in each training block with the 
order of the stimulus words being blocked randomized. The RAN group was required to read 24 
stimulus sentences with the words in the each block presented in a random fashion. All subjects were 
allowed to view the static EMG waveform from the thyrohyoid area after production of every two 
sentences (Cheung, 2004). The presentation of feedback was evenly distributed so as to ensure that both 
groups received the same amount of feedback. 
Immediate tests. To investigate possible immediate learning, immediate retention and transfer tests 
were carried out five minutes upon completion of training. The stimuli in the Training List and Novel 
List were used for retention and transfer tests respectively. During each of these tests, the subjects were 
required to read aloud two blocks of sentences. Muscle activities at both site of biofeedback were 
recorded for later analysis. No EMG feedback was given to the subjects. 
Delayed tests.    In order to assess possible long-term learning, delayed retention and transfer tests 
were carried out one week after the acquisition phase. The stimuli used in the delayed retention and 
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transfer test were also those from the Training List and Novel List respectively. During each of these 
tests, the subjects were required to read aloud two blocks of 24 sentences. Similarly, the muscle 
activities at both site of biofeedback were recorded for later analysis and no EMG feedback was given 
during this phase.    
Signal Processing 
Based on the signal processing procedure used by Yiu et al (in press), EMG signals collected 
from the thyrohyoid and oro-facial areas under four measurement phases in the present study were 
band-pass-filtered at 10-500 Hz. Two-second portion of each target stimuli was extracted and computed 
to obtain the amplitude, yielding the root mean square (RMS) voltage in µV. For each block of stimuli, 
the mean amplitude was calculated by averaging the obtained amplitude of the 24 stimulus sentences.  
Reliability 
To evaluate intra-rater data extraction reliability, data from ten percent of the total 14,400 
stimuli from the present study (i.e. 1,440 stimuli) were re-extracted by the investigator on a second 
occasion, one month after the first extraction. In addition, to evaluate inter-rater reliability, the same ten 
percent of data were extracted independently by another examiner.  
Data analysis  
 To investigate possible motor learning, comparison was made of the results at the baseline, 
training and those at the immediate and delayed retention stages. On the other hand, possible 
generalization was investigated by comparing the results in the baseline measurement, immediate and 
delayed transfer tests.  
Two three-way within- and between-subjects ANOVA designs were employed. The RMS of 
the recorded EMG voltage was the dependent variable.  
First, the effect of learning (acquisition phase) was examined using an 11 x 2 x 2 within- and 
between-subjects ANOVA. The within-subject variables included time i.e. 4 phases of measurement (11 
blocks across baseline measurement, training, immediate and delayed retention tests) and electrode sites 
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(oro-facial and thyrohyoid sites). The between-subject variable included two types of practice 
distribution (i.e. random- and blocked-variable).  
Then a 6 x 2 x 2 three-way within- and between-subject ANOVA was conducted to investigate 
the effect of generalization. The within-subject variables were the six levels in the independent variable 
of measurement phases (i.e. the six blocks across three phases of baseline measurement, immediate and 
delayed transfer tests) and electrode sites (oro-facial and thyrohyoid). The between-subject variable was 
the two types of practice distribution. 
Multivariate Pillai’s Trace test of significance, which was considered to be a robust test against 
violation of assumptions in multivariate tests (Coakes & Steed, 2001), was conducted. In each ANOVA, 
three main effects were tested. The possible main effect of the sites of biofeedback (oro-facial vs. 
thyrohyoid), time i.e. measurement phases (baseline vs. training vs. immediate retention and delayed 
retention testing vs. immediate and delayed transfer testing) and group effect (random vs. blocked) were 
investigated. An overall significance level of p = 0.05 is set for analysis. 
Results 
Reliability 
One thousand four hundred and forty data points (mean= 20.37µV, SD= 6.12µV), which 
represented ten percent of the total 7,200 data points, were used to evaluate intra-rater and inter-rater 
data extraction reliability. For each signal, if the difference between two ratings (whether it was intra- or 
inter-rater) was less than the criterion values, they were considered to be in agreement. Two criterion 
values were used: one was set at 1.0 µV (=0.18S.D., chance level= 0.07) and the other was set at 0.5 µV  
(=0.09S.D., chance level= 0.03). The results are shown in Table 2. 
Table 2 Results of intra-rater and inter-rater agreement on data extraction based on two criterion levels 
 Difference = 1.0 µV Difference = 0.5 µV 
Intra-rater reliability 62.3% (897/1440) 49.7% (716/1440) 
Inter-rater reliability 61.8% (890/1440) 48.3% (696/1440) 
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Motor learning effect 
 The means and standard deviations of the random group and blocked group at oro-facial and 
thyrohyoid sites across 11 blocks of four measurement phases are listed in Table 3. To investigate 
possible motor learning, 11 (time) x 2 (site) x 2 (group) three-way within- and between-subjects 
ANOVAs were conducted.  
Time effect. The change of muscle tension of subjects from both groups at the two feedback 
sites in 11 blocks across four measurement phases are shown in Figure 4. The Pillai’s Trace ANOVA 
confirmed that the main effect of time was not significant (F(10, 9)= 1.46; p=0.29). Further two-way 
ANOVAs [11 (time) x 2 (group)] (Pillai’s Trace) were conducted on the oro-facial data and the main 
effect of time was again found not significant (F(10, 9)=1.63; p=0.24). Although pooled data from RAN 
and BLO groups at both oro-facial and thyrohyoid site showed a gradual reduction of EMG voltages i.e. 
muscle tension across baseline, training and retention phases, data analyses failed to reveal any statistical 
evidence of motor learning during the study.  
Group effect (practice distribution). There was no significant main effect of practice distribution 
(random versus blocked) on learning laryngeal muscle relaxation (F(1,18)=0.10, p=0.76). Therefore, 
data analysis failed to indicate better learning for one type of practice distribution over the other.  
Site effect. Table 3 shows that the average EMG voltages were numerically higher at the oro-
facial site in the RAN group. However, the BLO group showed some reduction in EMG value over 
time at oro-facial site but not at thyrohyoid site. Indeed the main effect of site (oro-facial versus 
thyrohyoid) was not significant (F(1, 18)=3.75; p=0.07). 
Site by group interaction. Table 3 reveals that for oro-facial site, clear evidence of numerically 
higher average EMG amplitudes were seen in the RAN group while lower average EMG amplitudes 
were seen in the BLO group. Such situation was reversed for thyrohyoid site where numerically higher 
average EMG amplitudes were seen in BLO group and relatively lower average EMG amplitudes were 
  
16 
seen in RAN group. The Pillai’s Trace ANOVA confirmed the presence of site by group (practice 
distribution) interaction (F(1,18)=4.77, p=0.04). 
Table 3 Mean (standard deviation) in microvolts of laryngeal muscle tension for blocked and random 
practice condition at oro-facial and thyrohyoid site across 11 blocks in four measurement phases 
 
Baseline Training Immediate Retention 
Delayed 
Retention 
1 2 1 2 3 4 5 1 2 1 2 
RANDOM             
Pooled data 21.36 21.60 19.97 18.81 19.94 18.94 19.13 19.14 20.12 20.64 19.93 
Oro-facial site 25.02 25.04 23.95 22.54 24.66 23.45 23.69 23.54 25.15 24.43 23.23 
 (8.74) (9.30) (10.50) (10.12) (11.60) (9.76) (9.96) (10.09) (11.16) (11.09) (10.99) 
Thyrohyoid 
site 16.08 16.25 15.78 15.09 15.29 14.89 14.90 15.11 15.19 17.69 17.12 
 (3.97) (4.25) (3.01) (2.74) (3.22) (3.60) (3.43) (2.97) (3.48) (3.84) (4.39) 
BLOCKED            
Pooled data 20.30 20.45 19.34 18.91 19.06  19.50 19.47 19.57 18.66 18.42 18.09 
Oro-facial site  20.61 21.02 18.56 18.82 19.12 19.48 19.75 19.53 18.25 17.10 16.43 
 (4.06) (6.15) (2.76) (3.00) (3.92) (3.93) (4.78) (4.87) (4.62) (4.42) (3.61) 
Thyrohyoid 
site 19.98 19.87 20.11 18.99 19.00 19.51 19.18 19.61 19.07 19.52 19.28 
 (8.10) (7.64) (7.81) (7.75) (7.25) (7.75) (7.94) (7.99) (8.12) (7.34) (7.33) 
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Figure 4. Change of muscle tension of all subjects over 11 blocks across four time phases  
 Other interaction effects. None of the other interaction effects reached a significance 0.05 level 
(time by group interaction, F(10, 9)=0.82, p=0.63; time by site interaction, F(10, 9)=1.37, p=0.33; time 
by site by group interaction, F(10, 9)=1.33, p=0.34). 
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Generalization effect 
The means and standard deviations of the random group and blocked group at oro-facial and 
thyrohyoid sites across six blocks of three measurement phases are listed in Table 4. Possible 
generalization of muscle relaxation skills to untrained novel words was investigated by comparing the 
subjects’ performance in the baseline measurement to those in immediate and delayed transfer tests. 
Three-way within- and between-subject ANOVAs [6 (time) x 2 (site) x 2 (group)] were conducted.  
Table 4 Mean (standard deviation) in microvolts of laryngeal muscle tension for Random and Blocked 
Practice condition at oro-facial site and thyrohyoid site across six blocks in three measurement phases 
 Baseline Immediate Transfer Delayed Transfer 
1 2 1 2 1 2 
RANDOM       
Pooled data 21.36 21.60 20.64 19.93 19.96 19.43 
Oro-facial site 25.02 25.04 25.68 25.12 22.94 22.66 
 (8.74) (9.30) (11.41) (11.54) (10.27) (10.07) 
Thyrohyoid site 16.08 16.25 15.77 15.04 16.77 16.59 
 (3.97) (4.25) (4.36) (3.66) (4.29) (4.14) 
BLOCKED       
Pooled data 20.30 20.45 18.42 18.09 17.80 18.10 
Oro-facial site  20.61 21.02 17.92 17.71 16.75 16.39 
 (4.06) (6.15) (3.18) (3.11) (3.98) (2.73) 
Thyrohyoid site 19.98 19.87 18.90 18.47 18.86 19.83 
 (8.10) (7.64) (8.73) (8.49) (7.24) (8.15) 
  
Time effect. The change in EMG voltages i.e. muscle tension of all subjects over six blocks 
across three measurement phases is plotted in Figure 5. Pillai’s Trace ANOVA confirmed that the main 
effect of time was not statistically significant (F(5, 14)=0.85, p=0.54). Further two-way ANOVAs [6 
(time) x 2 (group)] (Pillai’s Trace) were conducted on oro-facial data and results revealed that the main 
effect of time was significant (F(5, 14)= 3.15; p= 0.04). A significant improvement in the performance 
at the oro-facial site across baseline, immediate and delayed transfer tests was indicated. Hence, muscle 
relaxation skills were generalized to untrained novel words which led to improvement in muscle 
relaxation at oro-facial site. Test of planned contrast revealed that significant difference of mean EMG 
amplitude at oro-facial site was contributed by the difference between performance in the second block 
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in immediate transfer test and first block of delayed transfer test (F(1, 18)= 6.89; p=0.02). However, 
there was no statistically significant result to indicate generalization of muscle relaxation skills at 
thyrohyoid site. 
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Figure 5. Change of muscle tension of all subjects over six blocks across three phases 
 Group effect (practice distribution). There was no significant main effect of practice distribution 
(random versus blocked) on generalization of laryngeal muscle relaxation skills (F(1,18)=0.35, p=0.56). 
 Site effect. The main effect of site (oro-facial versus thyrohyoid) was not significant 
(F(1,18)=3.78, p=0.07) which provided no clear indication of better generalization of muscle relaxation 
skills at one site over the other.  
 Site by group interaction. Pillai’s Trace ANOVA confirmed the presence of significant site by 
group (practice distribution) interaction (F(1,18)=5.88, p=0.03). Inspection of the data in Table 4 reveals 
that for oro-facial site, clear evidence of numerically higher average EMG amplitudes were seen in 
RAN group while lower average EMG amplitudes were seen in BLO group. Such situation was 
reversed for thyrohyoid site where numerically higher average EMG amplitudes were seen in BLO 
group while lower average EMG amplitudes were seen in RAN group. This interaction coincides with 
that found earlier in the ANOVA of motor learning.  
 Time by site interaction. Inspection of data in Figure 6 revealed that for oro-facial site, subjects 
started with a numerically higher average EMG amplitudes during baseline and immediate transfer test 
while for thyrohyoid site, a lower average EMG amplitudes was shown in these two phases. However, 
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since the second block of immediate transfer test, average EMG amplitudes continued to decrease for 
oro-facial site but slightly increased for thyrohyoid site. Pillai’s Trace ANOVA confirmed the presence 
of significant time by site interaction (F(5,14)=4.07, p=0.02). Test of planned contrast revealed that 
significant difference of performance of laryngeal muscle relaxation during the three measurement 
phases was contributed by the difference between performance in the second block in immediate 
transfer test and first block in delayed transfer test (F(1,18)=8.79, p=0.01).  
Other interaction effects. None of the other interaction effects reached significance at the 0.05 
level (time by group interaction, F(5, 14)=0.97, p=0.47; time by site by group interaction, F(5, 14)=1.42, 
p=0.28).  
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Figure 6. Change of muscle tension of all subjects at oro-facial and thyrohyoid site over six blocks 
across three phases 
Discussion 
The present study set out to determine the effect of practice distribution on voice relaxation 
training during acquisition during acquisition, retention and transfer measurement phases. sEMG 
biofeedback of thyrohyoid site was provided to all subjects during training while no feedback of oro-
facial site was given. It was found that the utilization of sEMG biofeedback for voice relaxation training 
was partially effective, by which subjects from both groups failed to demonstrate significantly lower 
muscle tension at both sites in retention tests but significant generalization of muscle relaxation skills 
was found at oro-facial site in both groups during transfer tests. Despite evidence from pooled data 
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showing a gradual decrease in muscle tension during no-feedback retention phases in both groups, such 
decrease was not statistically significant enough to claim learning. This null finding from the present 
study appeared to contradict findings from previous reports in the literature. Reported by a number of 
studies, augmented feedback such as biofeedback was shown to be beneficial to motor learning (for 
example, Adams, 1987; Swinnen, 1996). More specifically, studies investigating motor learning using 
voice relaxation task also revealed learning (Yiu et al., in press) and generalization (Cheung, 2004) 
through sEMG biofeedback. The results from the oro-facial site evidenced significant decrease in oro-
facial muscle tension during transfer phases. This finding partly concurs with the finding discovered by 
Cheung (2004) in which generalization of muscle relaxation skills was evident in both thyrohyoid site, 
where biofeedback was provided and oro-facial site, where no biofeedback was provided (i.e. 
unattended site). This unintended learning is discussed in the later part of the discussion.  
The results of the present study showed that no significant difference was found between RAN 
and BLO groups during acquisition, retention and transfer. This result contradicted with the hypothesis 
of contextual interference and previous studies conducted by Battig (1966) and Shea and Morgan (1979). 
These researchers were able to show that high contextual interference (random practice) hinders 
immediate performance (i.e. poor performance during training) but enhances retention and transfer 
while low contextual interference (blocked practice) does the opposite. On the other hand, mixed 
findings were reported in a more recent study conducted by Wrisberg and Liu (1991) on comparison of 
contextual interference levels on learning of badminton skills. They demonstrated better retention and 
transfer under random practice condition but no difference was found between groups during acquisition. 
Similar to the null findings in the present study, other researchers reported minimal or nonexistent 
differences between random and blocked groups in acquisition or retention (French, Rink & Werner, 
1990; Sears & Husak, 1987). 
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In light of inconsistent findings among different studies investigating effect of practice 
distribution on motor learning and generalization, several possible explanations were put forward to 
explain findings in the present study.  
Methodological design of voice relaxation training. The present study involved only 20 subjects 
randomly assigned into two groups. Further experiment with larger sample size might be able to 
generate group difference and probably demonstrate learning and generalization over time using sEMG 
biofeedback for voice relaxation training. Moreover, in the present study, the subjects were provided 
training in only the first session which involved practising of 120 sentence stimuli across five training 
blocks. Compared to the total number of sentence stimuli involved in two measurement sessions (360 
sentence stimuli), training trials only made up a small proportion of it. According to the law of practice 
(for example, Crossman, 1959; Newell & Rosenbloom, 1981) reported improvements in performance 
continue to happen over accumulated time in practice. Consequently, short duration of practice or small 
number of practice trial would hinder motor learning especially when the aim of the present study was 
to investigate effect of practice schedule. Therefore, in order to increase efficacy of CI and motor 
learning and generalization, amount of practice should be increased (Shea & Kohl, 1990). Further 
investigation should double the number of training trials and separate the training into two consecutive 
one-day session. 
 Task difficulty and attention demand. It was reported in several studies that for learning of 
complex skills, random practice might be too demanding and less effective for the learner, especially 
when they are inexperienced. For instance, a study by French et al. (1990) investigating teaching of 
ninth-grade students different volleyball skills revealed no difference in the effectiveness of blocked, 
random or mixed random-blocked practice. In addition, Al-Mustafa (1989) reported benefits of older 
children and adults from random practice in a throwing task whereas blocked practice facilitated 
learning in young children. In other words, when the task is hard due to high cognitive demand or when 
the learners are novices, high CI practice (random practice) seems to overwhelm the learners and thus 
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impede the potential benefits of random practice schedule (Wulf & Shea, 2002). Moreover, reported by 
Li and Wright (2000), higher cognitive demand was associated with random practice than blocked 
practice during pre-response and inter-trial intervals. Considering in the present study, all subjects were 
naïve to sEMG biofeedback and they were required to relax their voice by manipulating laryngeal 
tension using fine motor skills. Such motor skill learning could be classified as complex. When such 
complex skills are learned under high CI condition (i.e. random practice) potential benefits of this 
practice schedule is very likely to be disrupted. This explains why in the present study, random group 
failed to show better learning or generalization.  
 Learner characteristics. Learners often misattribute feelings of how performance is proceeding 
to how well learning is actually proceeding (Koriat, 2000). Under random practice schedule, due to poor 
performance during training, learners might underestimate their capability in retention and transfer. As a 
result, they might become discouraged or even lose their motivation to continue to practise. On the other 
hand, learners under blocked practice might overestimate their capability in performing retention and 
transfer test. Similarly, good performance during training might lead blocked practice learners thinking 
that the task is too easy for them or that they have already achieved the target. Consequently, these 
learners might also lose interest and motivation in continue practising. This poor judgment of the 
learners’ own state of learning is known as metacognitive misattribution concerning learning and 
performance (Lee & Simon, 2004). Overall, these studies pointed out that CI effect might be influenced 
by the learner characteristics, be it good or bad. As subject characteristics except age or skill level (i.e. 
naïve to EMG) were not controlled in the present study, these extraneous variables might nullify any 
potentially robust findings.  
 Interestingly, results from both groups during acquisition, retention and transfer showed that for 
oro-facial site, high CI condition (RAN group) was associated with numerically higher mean EMG 
amplitude and low CI condition (BLO group) was associated with lower mean EMG amplitude. 
However, for thyrohyoid site, the reverse happened where RAN group was associated with lower mean 
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EMG amplitude and BLO group was associated with high mean EMG amplitude. These findings partly 
concurred with the hypothesis of CI as it showed that blocked practice facilitated acquisition (oro-facial) 
and random practice facilitated retention (thyrohyoid). However, the other part of these findings 
contradicted the hypothesis of CI as random practice did not enhance retention (oro-facial) and blocked 
practice impaired acquisition (thyrohyoid). As all subjects received feedback from thyrohyoid site only, 
there was no evidence whether site of feedback had an interaction with CI. Further investigation should 
be made by including site of feedback (oro-facial versus thyrohyoid) as another between group factor so 
as to find out possible interference between site of feedback and practice schedule.  
 In addition to site by practice interaction, time by site interaction was also found during 
generalization in the present study. Although the mean EMG amplitude of both sites continued to 
decrease during baseline and immediate transfer measurement, the mean EMG amplitude of thyrohyoid 
site increased slightly since the second block of immediate transfer test. As the delayed transfer test was 
held one week after immediate transfer, it was possible that the subjects forgot how to relax their voice 
without the aid of sEMG biofeedback which lead to no decrease in mean EMG amplitude. In addition, 
according to Verdolini (2002), trying too hard to evoke motor memories for achieving a given 
performance might adversely affect both performance and learning as this might divert resources away 
from the task. This explains the slight increase of the mean EMG amplitude at the thyrohyoid site. In 
fact, unintended learning at no-feedback site was first reported in Yiu et al. (in press) and later replicated 
in Cheung (2004). Both studies showed that oro-facial muscle, from which the subjects received no 
sEMG biofeedback, demonstrated similar degree of learning compared to thyrohyoid site, from which 
subjects received sEMG biofeedback. Such unintended learning was argued by Yiu et al. (in press) to be 
attributed to the role of attention and intention in motor learning. According to Wulf and Prinz (2001), 
there are two types of locus of attention. Internal locus of attention involves attention directed towards 
the movements themselves (e.g. arm swing in golf) while external locus of attention involves attention 
directed towards the movements’ environmental effects (e.g. club swing in golf). Internal locus of 
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attention which involves focus on intrinsic biomechanics tends to degrade both performance and 
learning whereas external locus of attention which is directed at the movement’s effect facilitates both 
performance and learning. Instruction of internal locus of attention was given to the subjects in both 
studies Yiu et al. (in press) and Cheung (2004) as subjects were told to attend to the tension in their neck 
muscles (thyrohyoid site) during the reading task. Therefore, learning and performance were both 
degraded at the attended area, which resulted in no significant learning or performance at the attended 
area (thyrohyoid site) when compared to the unattended area (oro-facial site). It was also postulated by 
Cheung (2004) that as it is easier to control the movement of oral articulators than that of laryngeal 
muscles during phonation, the subjects subconsciously reduced the range of articulatory movement in 
an attempt to reduce the EMG amplitude display of the muscle activity at the thyrohyoid site and hence 
led to learning at the unintended site (oro-facial). As there is limited knowledge on unintended learning 
in voice training, further research on the effect of feedback site (oro-facial versus thyrohyoid) is 
warranted. It is intended that the result would provide insights to the necessary of providing augmented 
feedback during voice training and how attention and intention can be manipulated to facilitate motor 
learning.  
Limitations 
Reliability of EMG data extraction. Fair inter- and intra-rater reliability in the present study 
could be explained by two possible factors. First, during data extraction, it was often difficult to locate 
the onset and the end of phonation, especially for data from the training phase where amplitudes of 
EMG muscle tension were relatively small. It was recommended that EMG data to be synchronized 
online with audio wave files to enable more accurate data extraction. Second, it was reported in a 
number of EMG studies that longer time intervals between test and retest has noticeably adverse effect 
on reliability (Kollmitzer, Ebenbichler & Kopf, 1999; Koumantakis & Oldham, 2002). In the present 
study, re-extraction of data was conducted one month after the first extraction. It was recommended that 
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the time between test and retest conducted between-day to be within two weeks (Lariviere, Arsenault, 
Gravelb, Gagnonc & Loiseld, 2002).  
Possible gender effects. In the present study, all subjects recruited were female. It was not 
known whether there exist gender difference in motor learning. Therefore, further studies should explore 
the extension of findings in this study to male subjects.  
Generalization of findings to dysphonic population. All of the studies on voice motor learning 
mentioned previously including the present one used normal subjects and their findings have never been 
validated in dysphonic subjects. Therefore, further studies should include dysphonic subjects to 
investigate the extent to which current findings on voice motor learning can be generalized to the clinical 
population.  
Conclusion and clinical implication 
The present study investigated different effects by using random and blocked practice schedule 
on voice relaxation training. The hypothesis of contextual interference was tested and the results 
suggested that there was no difference in the impact on learning constituted by the use of these two types 
of practice schedules. In light of the null findings from the present study further studies investigating CI 
effect on voice relaxation training were recommended to design a better methodology for example by 
increasing the number of subjects and practice trials. Factors that may interact with or mediate the CI 
effect should also be controlled. These factors include task characteristics such as timing and amount of 
interference and subject characteristics such as age, skill level and personality or psychologically 
disposition. Last but not least, further studies should be conducted to determine the effect of feedback 
site and to investigate intention and attention involved in voice relaxation training. The results would 
provide insights on the necessity of providing augmented feedback during voice training and hence 
allow clinicians to design cost-effective training paradigm for voice disorder treatments.  
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Appendix 1a 
Training list: The Reading Stimuli in Baseline, Training and Retention Testing (based on Yiu et 
al., in press). 
 
Target 
stimuli 
IPA  
symbol 
Order of 
frequency 
based on Ho 
(1993) 
 Target  
stimuli 
IPA  
symbol 
Order of 
frequency 
based on Ho 
(1993) 
1 的 tik55 1  13 情 tshi ŋ 21 176 
2 不 p�t55 4  14 每 mui23 196 
3 有 j�u23 5  15 月 jyt22 216 
4 在 ts�i22 6  16 教 kau33 231 
5 了 liu23 7  17 老 lou23 239 
6 我 ŋ�23 9  18 片 phin33 246 
7 為 w�i21 10  19 給 kh�p55 259 
8 這 ts�35 11  20 男 nam21 328 
9 水 s�y35 75  21 父 fu22 332 
10 起 hei35 104  22 卻 kh�k33 461 
11 解 kai35 117  23 談 tham21 464 
12 果 kw�35 171  24 群 kwh�n21 716 
 
The selection of target words was based on its order of frequency (Ho, 1993). 
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Appendix 1b 
 
The Occurrence of 19 Cantonese Consonants, 8 Vowels, 10 Diphthongs and 6 Tones over 24 
Word Stimuli in the Training List (based on Yiu et al., in press) 
 
Initial consonants 
 
Occurrence 
p ph m f t th n l k kh ŋ h kw kwh w ts tsh s j 
1 1 1 1 1 1 1 2 2 2 1 1 1 1 1 2 1 1 2 
Final consonants 
 
Occurrence 
p t k m n ŋ 
1 2 2 2 2 1 
Vowels 
 
Occurrence 
a � � i � œ u y 
2 3 1 3 2 1 1 1 
Diphthongs 
 
Occurrence 
ai au �i �u iu ei �i ou œy ui 
1 1 1 1 1 1 1 1 1 1 
Tones 
 
Occurrence 
55 35 33 21 23 22 
3 5 3 5 5 3 
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Appendix 2a 
Novel List: The Reading Stimuli in Transfer Testing (based on Cheung, 2004) 
 
Target 
stimuli 
IPA  
symbol 
Order of 
frequency 
based on Ho 
(1993) 
 Target  
stimuli 
IPA  
symbol 
Order of 
frequency 
based on Ho 
(1993) 
1 來 l�i21 19  13 約 jœk33 333 
2 多 t�55 49  14 節 tsit33 468 
3 去 hœy33 65  15 排 phi21 519 
4 前 tshin21 105  16 牛 ŋ�u21 656 
5 求 khau21 192  17 雨 jy23 829 
6 幾 kei35 233  18 污 wu55 933 
7 車 ts�55 250  19 繪 khui35 939 
8 光 kw�ŋ 55 251  20 困 kwhan33 989 
9 市 si23 265  21 探 th�m33 1081 
10 感 kam35 294  22 納 n�p22 1159 
11 北 pak55 317  23 肥 fai21 1180 
12 母 mou23 325  24 療 liu21 1261 
 
The selection of target words was based on its order of frequency (Ho, 1993). 
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Appendix 2b 
 
The Occurrence of 19 Cantonese Consonants, 8 Vowels, 10 Diphthongs and 6 Tones over 24 
Word Stimuli in the Novel List (based on Cheung, 2004) 
Initial consonants 
 
Occurrence 
p ph m f t th n l k kh ŋ h kw kwh w ts tsh s j 
1 1 1 1 1 1 1 2 2 2 1 1 1 1 1 2 1 1 2 
Final consonants 
 
Occurrence 
p t k m n ŋ 
1 1 2 2 2 1 
Vowels 
 
Occurrence 
a � � i � œ u y 
3 2 1 3 2 1 1 1 
Diphthongs 
 
Occurrence 
ai au �i �u iu ei �i ou œy ui 
1 1 1 1 1 1 1 1 1 1 
Tones 
 
Occurrence 
55 35 33 21 23 22 
5 3 5 7 3 1 
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Appendix 3 
 
Differences in the number of occurrence of Cantonese sounds between the Training List and the 
Novel List (based on Cheung, 2004) 
Initial consonants 
 
Occurrence 
p ph m f t th n l k kh ŋ h kw kwh w ts tsh s j 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Final consonants 
 
Occurrence 
p t K m n ŋ 
0 +1 0 0 0 0 
Vowels 
 
Occurrence 
a � � i � œ u y 
-1 +1 0 0 0 0 0 0 
Diphthongs 
 
Occurrence 
ai au �i �u iu ei �i ou œy ui 
0 0 0 0 0 0 0 0 0 0 
Tones 
 
Occurrence 
55 35 33 21 23 22 
-2 +2 -2 -2 +2 +2 
 
Note: The value in the box indicates the difference of the occurrence of a particular sound between the 
Training List and the Novel List, and it was calculated by the following equation: 
 
OccuranceTraining - OccuranceNovel, 
 
where “Occurance” refers to the occurrence of a particular sound            
 
